INTRODUCTION
============

Clozapine, the first atypical antipsychotic, was widely used following its introduction because it induced relatively few extrapyramidal effects, and it showed therapeutic benefit for patients who had failed to respond to other agents.[@B1] However, several cases of clozapine-induced agranulocytosis reported in Europe led to withdrawal of the drug in European countries and delayed further development of the antipsychotic in the United States.[@B2] Because of the unique efficacy of clozapine for the treatment of refractory schizophrenia, the U.S. Food and Drug Administration approved the limited use of this medicine to treat refractory schizophrenia in 1990 under a strict monitoring and dispensing system instituted by the Clozapine National Registry.[@B3] At present, most guidelines recommend that clozapine be used as a second-line medication reserved for treatment-resistant schizophrenia.[@B4],[@B5] To some extent, clozapine has served as a prototype and stimulus for the development of new antipsychotics.

Clozapine was introduced in China in the 1970s and, unlike most countries, China used the antipsychotic as the first-line treatment for schizophrenia and other psychotic disorders for several years,[@B6] and it remained the firstchoice treatment for patients with schizophrenia throughout the 1990s. The primary reason Chinese physicians embraced clozapine for the treatment of schizophrenia was the reduced risk of tardive dyskinesia,[@B7] the drug\'s efficacy and low cost further contributed to the popularity of clozapine among clinicians and patients.[@B8],[@B9] To date, few studies have investigated the patterns characterizing the prescription of clozapine for the treatment of schizophrenia in China. The objectives of the present study were to describe these patterns and to compare the sociodemographic and clinical characteristics of patients with schizophrenia taking and not taking clozapine.

METHODS
=======

Setting, Study Design, and Subjects
-----------------------------------

The data for the present study were taken from a nationwide investigation of antipsychotic medication prescriptions. China\'s Gross Domestic Product in 2000 indicated that the country\'s provinces could be divided into five economic levels. The present study included 10 provinces with at least one at each economic level. One city was chosen from each selected province: level I included Beijing, Suzhou, and Guangzhou; level II included Baoding; level III included Siping and Wuhan; level IV included Taiyuan; and level V included Xi\'An, Nanchang, and Chengdu. Mental health hospitals in each selected city were divided into three categories according to their academic level.

The present cross-sectional study was conducted between May 22 and 28, 2006 using a standardized protocol and data collection procedure. The sample population consisted of outpatients and inpatients diagnosed with schizophrenia according to the criteria of the International Classification of Diseases and Related Health Problems 10th revision who were interviewed or treated in the selected hospitals. The study protocol was approved by the Human Research and Ethics Committee of the Institute of Mental Health, Peking University. Written consent was obtained from all subjects.

A uniform questionnaire designed to collect data on demographic characteristics, clinical factors, physical condition, duration of illness, and prescribed antipsychotic and dose was administered to all patients. One section of the questionnaire documented symptoms during the previous month and medication-induced adverse effects. The Clinical Global Impression Scale-severity was used to assess the severity of the illness.

Statistical Analysis
--------------------

SPSS version 13 (SPSS Inc., Chicago, IL, USA) was used to conduct the statistical tests. Frequency tables were constructed to measure categorical data and descriptive analyses were performed for all data. Determination of the frequency of clozapine prescription and the comparison of sociodemographic and clinical characteristics between clozapine user and non-user groups were performed using independent sample *t*-tests, the chi-square test, and Fisher\'s exact test, as appropriate.

A multiple stepwise logistic regression analysis was performed to adjust for relevant covariates and to determine the predictors of clozapine use. A Kolmogorov-Smirnov one-sample test was used to test the normality of the distribution of the continuous variables. *p*-values \<0.05 (two-tailed) were deemed to be statistically significant.

RESULTS
=======

A total of 5,898 patients with schizophrenia from 10 provinces were recruited to participate in the present study. Overall, 31.9% of the patients (n=1,883) were prescribed clozapine; however, considerable variation existed among the 10 provinces. [Table 1](#T1){ref-type="table"} shows the sociodemographic and clinical characteristics of clozapine users according to study site. Clozapine doses differed significantly among the 10 sites (mean, 210.36±128.72 mg/day; range, 155.99±103.42-240.83±154.24 mg/day) with the frequency of use highest in Sichuan province (39.3%) and lowest in Beijing (17.3%). Moreover, the prescribing pattern of clozapine differed among the 10 sites, with 25.1% of the patients receiving clozapine in combination with other antipsychotics.

[Table 2](#T2){ref-type="table"} shows the sociodemographic and clinical characteristics of clozapine users (n=1,883) and non-users (n=4,015). Compared with the non-clozapine group, the clozapine-treated patients had been under treatment for a longer period of time and had had more experiences of relapse and hospitalization. Clozapine-treated patients had lower family incomes, were less able to seek psychiatric services, and were more likely to be male and have a positive family history of schizophrenia than were patients not treated with clozapine. The clinical characteristics of clozapine users and non-users differed significantly. Compared with the non-users, clozapine users were more likely to show speech and behavioral disturbances, aggressive behavior, and have negative symptoms and functional impairment.

[Table 3](#T3){ref-type="table"} shows the results of the multiple logistic regression analysis revealing the independent factors that were significantly associated with clozapine use. These factors (age, sex, duration of illness, economic status, educational level, and clinical manifestations) played an important role in determining whether clozapine was prescribed.

DISCUSSION
==========

Clozapine was widely used in China after its introduction in 1976 and, by the end of the 1980s, it had become the first-line treatment for schizophrenia and other psychotic disorders. After 2000, despite the availability of other second-generation antipsychotic drugs, clozapine remained widely prescribed in China, primarily because the drug was associated with fewer drug-induced extrapyramidal effects, particularly tardive dyskinesia.[@B7] Moreover, ample medical evidence has demonstrated that clozapine is more effective than any other antipsychotic for treating schizophrenia and that it has a clear superiority over the other antipsychotic drugs for the treatment of refractory schizophrenia.[@B10]-[@B12] Furthermore, the low cost of treatment contributed to its popularity in clinical practice. We found that the use of clozapine differed among the 10 provinces studied. Higher economic levels were associated with less clozapine use, and patients with higher clozapine use had a lower family income. The multiple logistic analysis revealed that clozapine users were more likely to suffer from chronic and refractory schizophrenia and more likely to have behavioral disturbances or functional impairment than were patients who were not treated with clozapine. These clinical characteristics appeared to be indicators for clozapine treatment.

Clozapine is associated with several severe adverse effects including agranulocytosis, bowel infarction, seizures, myocarditis, and diabetes,[@B13],[@B14] and the less serious adverse effects of sialorrhea and weight gain.[@B15] Most guidelines recommend that clozapine be used only to treat refractory schizophrenia.[@B4],[@B16] The frequency of clozapine prescriptions decreased in China between 2002 (39%) and 2006 (31.9%),[@B17] but remained higher than that in the United States and Europe.[@B18],[@B19] This difference between China and United states and Europe may be explained by the availability and low cost of the medication and the blood-monitoring requirements established by local regulations.[@B20]

Our results revealed that the average dose of clozapine was 210.36±128.72 mg/day for Chinese patients, which is consistent with the findings of Chen and Si[@B17] but lower than that reported in the United States and Europe.[@B21],[@B22] This discrepancy may be explained by racial differences in pharmacokinetic and pharmacodynamic variables.[@B23] Alternatively, as 25.1% of our patients were treated using a combination of clozapine and other medications, the dose of clozapine was relatively low. Finally, the fact that clozapine is used only to treat refractory schizophrenia in the United States and Europe, whereas some regions in China use clozapine as a first-line therapy may underlie differences in drug dose. Furthermore, we found regional differences in the use of clozapine either alone or in combination with other drugs. Clozapine was prescribed least frequently in Beijing province (17.3% alone and 5.1% in combination with other drugs) and most frequently in Sichuan province (39.3% alone and 33.5% in combination with other drugs). The lowest dose of clozapine was found in Hubei (155.99±103.42 mg/day) and the highest in Shanxi (240.83±154.24 mg/day). These differences may be related to local healthcare systems, patients\' clinical profiles and family economic status, and clinicians\' prescribing habits.[@B21],[@B24]

Several studies have reported that male patients are more likely than female patients to experience refractory schizophrenia and have chronic onset. Moreover, the duration of hospitalization was longer in male patients, and their main clinical features were prominent positive and negative symptoms accompanied by comprehensive social dysfunction.[@B21],[@B25],[@B26] The survey results indicated that Chinese physicians in 2006 were more likely to use clozapine as a second-line treatment for refractory schizophrenia than as a first-line treatment. Two conclusions can be drawn from the analysis of factors influencing clozapine prescribing patterns. First, physicians in regions outside of Beijing were the most likely to prescribe clozapine. Second, clozapine was more likely to be prescribed for hospitalized patients with a less education, less family income, longer hospitalizations, verbal and behavioral disorders, negative symptoms, and frequent episodes of schizophrenia.

The present study has several limitations. As a crosssectional survey with no long-term follow up of patients, it could not systematically evaluate the efficacy and adverse side effects of clozapine. Moreover, treatment decisions depend on patient factors and physician prescribing practices. However, our study examined only patient factors, and the factors affecting physicians\' prescribing practices were not explored.

In summary, the survey results show that clozapine is commonly prescribed in China and that economic and clinical factors, along with the characteristics of treatment settings, contribute to clozapine-prescription patterns. The risk of clozapine-induced granulocytosis and metabolic syndrome require that regular blood and metabolic monitoring be strictly performed in clinical practice.
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Socio-demographic and clinical characteristics in the clozapine-users

![](cpn-10-99-i001)

n=1,883. RMB, renminbi; SD, standard deviation.
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Comparison of the clozapine and non-clozapine groups with regard to socio-demographic and clinical characteristics in the whole sample
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n=5,898. Values are presented as mean±standard deviation, number (%), or median.

RMB, renminbi.

###### 

Factors associated with use of clozapine (multiple logistic regression analysis)
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n=5,898.

B, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval.

^\*^Region (1)-(9) represents Hebei, Sichuan, Jiangsu, Hubei, Jilin, Shanxi, Shaanxi, Jiangxi and Guangdong, and Beijing is the reference in the regression model.

^†^Educational level (1)-(6) represents primary school or below, junior middle school, high school/vocational high school, secondary technical school, junior college and university or above, and illiteracy is the reference in the regression model.

^‡^Occupation (1)-(7) represents retired, student, farmer, worker, civil servant, company/enterprise employees, institutions/Authority units personnel, and unemployed is the reference in the regression model.
